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(54) System for body activity detection and processing 



(57) A system for monitoring body activity having a 
device arranged for stand-alone attachment to a body 
in use. The device comprises: an actimetry sensor (11) 
for measuring body activity, and storage means (12) for 



receiving data from the actimetry sensor and storing it. 
Means analyses the stored data to provide advisory in- 
formation and a display (4) displays the advisory infor- 
mation to a user. 
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Description 

Field of the invention 

roOOIl This invention relates to the detection of body 
activity, such as sleep patterns, and the analysis of data 
related to such functions for provision to a user. 

Background 

[00021 In recent years there has been much study of 
t,ody functions, such as sleep activity, and associated 
analysis of the relevance of such functions to the gen- 
eral hearth of the body and the bod/s need for appro- 
priate body functions (such as sleep patterns) to occur 
on a regular basis for adequate periods of time. As part 
of this research numerous devices have been proposed 
to assist in such measurement and analysis. 
[0003] For example, WO-A-9714354 discloses a de- 
vice and corresponding method which collects data for 
analysing sleep disturbances so that such data can be 
interpreted by a specialist at a future date. 
[00041 However, this type of device requires operation 
by a highly skilled user and provides analysis which is 
difficult to interpret by anybody other than a specialist, 
as well as being expensive and sometimes unreliable. 
Furthermore, it is unable to provide a detailed history 
over an extended time period for an individual. 
r0005] Other systems are uncomfortable, cannot be 
worn for extended periods and/or cannot be worn with- 
out restricting body movement. 

Summery of the invention 

[00061 Accordi ng to the present invention there is pro- 
vided a system for monitoring body activity comprising: 

a monitoring device arranged for stand-alone at- 
tachment to a body in use, the device comprising: 
an actimetry sensor for measuring body activity; 
storage means for receiving data from the actimetry 
sensor and storing it; and data transmitting means 
for transmitting data from the storage means; 
data receiving means separate from the device for 
receiving the data; 

means for analysing the received data to prov.de 
advisory information; and 

means for displaying the advisory information to a 
user. 



[00071 The actimetry sensor may be an accelerome- 
ter such as a piezoelectric accelerometer, or may be a 
simple motion sensor or a tilt switch, for example. 
[0008] The body activity being monitored may be 
sleep 

[00091 The storage means may store data from the 
actimetry sensor together with temporal information. In 
such a case, the means for analysing the stored data 



provides processing based upon both body activity in- 
formation and temporal information to provide advisory 
information to the user. 

[0010] The advisory information provided to the user 
may include an indication of the quality of the activity, 
such as the quantity or quality of the sleep, whether or 
not the duration of the activity is sufficient, an indication 
as to whether the total amount of the activity over an 
extended period is acceptable, as well other data related 
to other long term body activity, for example. 
[001 1] The device can be configured to detect activity 
during the day. Daytime activity may be then analysed 
to indicate the most active and least active time during 
the day so that information can be gathered in terms of 
the best time of day to attend a meeting, carry out exer- 
cise etc. The body activity that is measured can, as well 
as being actual time slept, be the number of awaken- 
ings an indication as to how the intermittent sleep was 
time taken before sleep, the number of and length of 
20 sleep interruption, sleep proficiency, the number min- 
utes immobile/moving, etc. A selection or all of th.s in- 
formation can be provided to identify the least and most 
active times during the day. 

[0012] Thr T£^^ a V inHnde an inPUt °" 6 
or -u Mir mmrjr^- "H I data f romJLUSgj, 
s uch as desir "e7tirirejg^ need to awake 

early for a particular event, as well as possible informa- 
tion relating to the age of the user, their sex, as well as 
optionally additional information such as what they per- 
ceive their energy level to be. 

[00131 Theremaybeprovidedafurthersensororsen- 
sors on the device to measure body pulse rate variabil- 
ity blood pressure or other body activities such as res- 
piration, eyelidjripvement. In this case, sleep phases,, 
suchasREM, sl aw light sleep, s low deep sleep, orpar- 
nrln^' clp T maybe monitored^ 
[00f5T The device may be configured in the style ot a 
wrist watch, and may be arranged with a display to re- 
ceive data from the analysing means to provide the ad- 
visory information as well as to provide additional infor- 
mation to a user, such as time and date information. 
[00151 Themeansfordisplayingtheadvisory informa- 
tion may be a liquid crystal display, plasma display, etc. 
[00161 The data transmitting means may be an infra 
red or other form of wireless transmitter. Alternatively, it 
may be a wire data connection for insertion into a re- 
ceiving terminal acting as the data receiving means. In 
this latter case the system would be arranged for a user 
to remove the monitoring device and place it in the data 
receiving means in order to activate the transmission of 
data to the receiving means and onto the analysing 

means. . , . 

[0017] The analysing means may be an appropriately 
configured PC or may be a dedicated process. ng de- 
vice. The display means may be formed as part of the 
device, in which case the device also has second data 
receiving means for receiving data from the analysing 
means. Alternatively, the display may be formed as part 
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of the analysing means and separate from the device. 
[001 8] The analysing means may have further means 
for connecting it to a terminal remote from the system, 
so that the analysing means may communicate with an 
external reference source, which may be a larger data- 5 
base of information or may be a specialised human ref- 
erence In this case, the connection to the remote 
source of information may be via an internet-type con- 
nection. f0 

Brief description of the figures 

[001 9] One example of the present invention will now 
be described with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic perspective view of compo- 
nents of a system according to the present inven- 

tion "> * on 

Figure 2 is a schematic diagram showing some of ^ 

the functionality of a system according to the inven- 
tion; 

Figure 3 is a diagram showing two possible displays 
from the system; and 

Figure 4 is a schematic diagram of the internal com- 25 
ponents of the system of Figure 1 . 



timetry sensor 11 if necessary, as well as optionally to 
the display 4. In addition to the actimetry sensor 11 the 
device 1 may further comprise a dditional sensors 15, 



Detailed description of an example 

[0020] Referring to Figure 1, a system according to 30 
the present invention has, in this example, a monitonng 
device configured as a wrist watch-style device, with a 
strap 2 and a component-containing housing 3. On the 
outer surface of the housing 3 is an optional display 4, 
which in this case is a liquid crystal display. 35 
[0021 ] The system further comprises a receiving de- 
vice often referred to as a docking port, which in use 
can receive the monitoring device 1 and connect with it 
to retrieve data from the device 1. The recejyingjfiyjca, 
5 is in turn, connected to an_aj£lyjirjgjifii(ice 6, which #> 
in this case is an appropriately configured PC, although 
it could be a dedicated piece of hardware. In this case 
the receiving device 5 and analysing device 6 are shown 
as separate components, although this may not neces- ^ 
sarily be the case. 
[0022] The analysing device 6 has its own display 7, 
and may optionally have the ability to connect to a re- 
mote terminal (not shown) via an Internet link or some 
other form of communication device. 
[0023] Referring to Figure 4, the device 1 of Figure 1 *> 
has a number of internal components. The device 1 is 
powered by a battery 10 (or another power supply) 
which supplies power to the other components of the 
device 1 An actimetry sensor 11 detects motion in the 
device 1 and hence motion in the body to which the de- 55 
vice 1 is attached in use. The data from the actimetry 
s ensor 11 is pass** tn a memory 12. A clock 13 also 
provides temporal data to the memory 1 2 and to the ac- 
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16, which may detect blood pressure, pulse rate varia- 
tion etc. 

[0024] Data from these additional optional sensors 
15 ( 16 m ay also be forwarded to the memory 12 . 
£0025] As described above, the monitoring device 1 
has the ability to send data to the receiving means,5 via 
a transmitter 20, in this case through a fixed connection 
between the two when the user places the monitoring 
device 1 in the receiving device 5. As an alternative, the 
monitoring device 4 may transmit and/or receive data 
from the receiving means 5 via a wireless link such as 
an infra red link. In this latter case data from the memory 
1 2 can be requested from analysing means 6, either on 
a regulated intermittent, continuous, or on a user-re- 
quested basis. 

[0026] A wide variety of different forms of analysis 
may be performed by the analysing means 6. 
[0027] Examples of the types of analysis that may be 
performed will now be described with reference to Fig- 
ures 2 and 3. 

[0028] The actimetry sensor 1 1 may provide informa- 
tion in relation to sleep duration and the type of sleep to 
the analysing means 6. This information can be ana- 
lysed by the analysing means 6 to provide information 
to the display 4 in terms simply of the total number of 
hours of sleep obtained, although it may provide addi- 
tional information in relation to the quality of the sleep 
and the expected value of that sleep in terms of an "en- 
ergy bank". By using data stored in the memory 12 or 
as the base unit in an additional memory (not shown) 
over a number of days, weeks or months, the analysing 
means 6 may also provide information indicative of ac- 
cumulated sleep deficit or steep excess. As mentioned 
above the data can be provided to a user as and when 
requested, and is arranged to be provided in a very sim- 
ple format so that it does not need complex interpreta- 
tion. 

[0029] The analysing means 6 may employ, for exam- 
ple the Stanford sleep scale in order to score the mon- 
itored, sleep and provide relevant information to the user 
and to some subject we input from the user. The scale 
defines different levels of sleepiness as follows; 



1 - feeling active, vital, alert, wide awake. 

2 - functioning at a high level, not at peak. 

3 - relaxed, not full alertness, responsive. 

4 - a little soggy, not at peak, let down. 

5 - tired, losing interest, slowed down. 

6 - drowsy, prefer to be lying down. 

7 - almost in a reverie, hard to stay awake. 

[0030] This scale can be shown to a user so that the 
user can input an indication of how tired they consider 
themselves to be. 

[0031] For example, the user could be prompted to 
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input an indication as to how they feel when they wake 
up, with an indication as to the reasons for their feelings 
being provided by the analysing means 1 7 from the data 

GOll&CtGd 

[0032] In another example, such an input could be 
employed during the initial weeks of employing the de- 
vice to help the system determined whether or not the 
user is sleeping for the right amount of time to them. For 
example, on the first day of wearing the device the sys- 
tem may prompt the user to indicate how much sleep 
they consider they need. It could then provide informa- 
tion as to the average sleep requirement for someone 
of their age and sex. However, as the requirements vary 
from user to user, the system can then monitor sleep 
over a given period and prompt the user for feedback, 
not only at the time during the day in order to form a 
sleep diary in the memory of the system, ^esysiem 
r^ Y frhon mnfinured to a dapt the indications that it. 
^ the user based upon thp feedback and wake the 
1 ,^^tho gppm priate time, and then employing a sleep 
bank™* the user's particular requirements have been 
determined. 

[0033] The device 1 may have an alarm 1 8, which can 
be used sirti ply to wake UW um i , t i ■ U m ■ ■ " of a nor " 
mal wrist watch alarm, although It may be activated by 
the analysing means 6, when it is detected that an ap- 
propriate type of sleep is occurring to ensure gentle wak- 
ing of the user. 

[0034] If additional sensors 15,16 are provided then 
additional analysis can be performed dependent upon 
the type of sensor to provide additional or more detailed 
and accurate information to the user. If the sensors de- 
tect parameters external to the body, such as light, lo- 
cation, sound, air temperature, humidity, barometnc 
pressure, then this information may be compared with 
information relating to body activity in order to adjust 
their information. If the sensors determine additional 
body activity, and detect one or more muscjejaaus, skin 
temperature, galvanic skin response, etc then additional 
analysis of the quality of the sleep may be provided. 
[0035] As a further example, if a blood pressure sen- 
sor is employed then additional indications related to 
general levels of health and activity not specifically re- 
lated to sleep alone can be provided by the analysing 
means. If a pulse rate variability detector is employed 
then this can assist in determining the type of sleep de- 
tected, and can provide further information in relation to 
whether an acceptable level of aerobic exercise has 
been performed within the allotted time period, whether 
it be a day, a week or a month. 
[0036] If the device 1 provides some form of "sleep 
bank" indication over a period of time, then the sleep 
bank may calculate the information to be provided to the 
user by including a formula such as: 
sleep bank (i) = sleep bank (i-1) + (sleep (i) - need) 
where sleep bank is accumulative of sleep balance on 
day i, sleep is sleep achieved on the night before day i 
and need is sleep need (which can change dependent 



upon other measured parameters, or upon stored data, 
or can be set manually). 

[0037] In the case when the analysing means 6 has 
a line tn are mote station, more complex analysis can 
bTpeTfoTmedanditmay >e possible for the analysing 
means 6 also to request and obtain data from a human 
specialist or an extended database or an extended da- 
tabase so that additional information can be provided to 
the user. 

[0038] In addition , the system enables the storage ot 
long term data in such a manner that it can be tracked 
to give a high quality user history for treatment, as well 
as for identifying long term trends that would not come 
to light in a short term analysis. 
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Claims 

1 . A system for monitoring body activity comprising: 

a monitoring device arranged for stand-alone 
attachment to a body in use, the device com- 
prising: an actimetry sensor for measuring body 
activity; storage means for receiving data from 
the actimetry sensor and storing it; and data 
transmitting means for transmitting data from 
the storage means; 

data receiving means separate from the device 
for receiving the data; 

means for analysing the received data to pro- 
vide advisory information; and 
means for displaying the advisory information 
to a user. 



35 2. The system of claim 1 , wherein the actimetry sensor 
is an accelerometer such as a piezoelectric accel- 
erometer. 

3. The system of claim 1 or 2, wherein the body activity 
40 being monitored is sleep. 

4. The system of any preceding claim, wherein the 
storage means stores data from the actimetry sen- 
sor together with temporal information. 



45 



so 



5. The system of claim 4, wherein the means for ana- 
lysing the stored data provides processing based 
upon both body activity information and temporal in- 
formation. 



6. The system of any preceding claim, wherein the ad- 
visory information provided to the user includes an 
indication of the quality of the activity, including at 
least one of the quality of the sleep, whether or not 
55 the duration of the activity is sufficient, an indication 
as to whether the totalled amount of the activity over 
an extended period is acceptable, or other data re- 
lated to other long term body activity. 
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7 The system of any preceding claim, wherein the ac- 
timetry sensor also measures body pulse rate, and/ 
or blood pressure. 

8. The system of claim 7 wherein, sleep phases of * 
REM, slow light sleep, slow deep sleep, or paradox- 
ical sleep are monitored. 

9 The system of any preceding claim, wherein the de- 
vice may be configured in the style of a wrist watch. ™ 

10. The system of claim 9, wherein the device includes 
an alarm. 

11 The system of any preceding claim, wherein the is 
means for displaying the advisory information is a 
liquid crystal display. 

12. The system of claim 9, 10 or 11 , wherein the display 
is attached to the monitoring device. 

13 The system according to any preceding claim, 
wherein the analysing means has a communication 
link with a remote source of data. 

14 The system of claim 13, wherein the remote station 
enables the input of additional data from a human 
operator. 

15. The system of any preceding claim, wherein the re- 
ceiving means and the transmitting means form a 
wireless communication link. 

16. A system according to any one of claims 1 to 14, 
wherein the data receiving means is part of a dock- 
ing station for receiving the device. 

17 A system according to any preceding claim, where- 
in the analysing means performs analysis on the ba- 
sis of data from a source other than the body. 

18. A system according to claim 1 7, wherein the source 
is a further sensor for detecting data relating to the 
environment in which the body is placed. 
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